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EN7.YMIC Al [{r^ fi^TTOlJ OF HAIR OBO^TTH 
THis invention relates to alteration in the 
rate and character of juammalian hair growth by topical 
application through the slcin of compositions containing 
5 an inhibitor of the enzyme S-adenoeylmethionine 
decarboxylase , 

U.S. Patent No. 4,039,669 describes the 
topical use of i7'-alpha-R-androst''4-en-l7-beta-ol*3-one 
or estors thereof Where the R is n-propyl or n-butyl for 
10 the control of dermatological syfitems associated with 
androgen-mediated conditions such as acne. 

Patent No. 4/139, 63B and 4,161,540 
describe the use of certain 4 '-substituted and 3', 4'- 
disubstituted anilides for the treatment of androgen 
15 dependent disease states such as female hirsutism and 
acne. 

U.S. Patent No. 4,191,775 discloses that 
certain 3 , 4-disubfitituted breaiched-chain fluorinated 
acylanxlides may be used in the topical treatment of 
2 0 androgen-dependent disease conditions such as acne, 
female hirsutism, and seborrhea. 

U.S. Patent No. 4,344,941, describes the 
topical use of certain androgenic i7-alpha- substituted 
steroids exemplified by 17-beta-hydroxy-l-alpha-methyl- 
25 i7-'^lpha (l-methyl-2-propenyl) -5-alpha-androstan-3-one 
for the treatment of diseases such as acne, seborrhea, 
alopecia and female hirsutism. 

U.S. Patent No. 4,367,227 describes a cosmetic 
composition for reducing sebum secretion from the skin 
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comprising alcoholic solutions of cyproterone acetate. 
West German OLS 2,840,144 describes the use of a 
combination of progesterone with either cyproterone 
acetate or chlomadinone acetate in the topical 
5 treatment of androgen induced hormonal disturbances such 
as alopecia, female hirsutism, and acne. 

Japanese KoXai 58-57308 describes the 
restoration of hair to b2ild heads by the topical 
applications of oxidizing substances such as stabilized 

10 chlorine dioxide, potassitm bromate, or ozone to 

suppress the enzymatic activity of the reductive enzyme 
5-alpha-reductase - 

The patent art dlgcloses a number of vays of 
reducing the growth of human hair as otmosed to its 

15 qonventiional removal fey cutting, shaving, or 
depilation . One such method is described in 
U.S. Patent no. 3,426,137, which pertains to a process 
for inhibiting the growth of hair by the topical 
application to a depila-ted slcin area of a composition 

2 0 containing a substituted benzophenone such as 2 -amino* 5 - 

chloro-benzopbenone. Examples in the patent illustrate 
the reduction of hair growth on the back area o£ reibbits 
and on the am of a male human subject. 

Another process for extending the duration of 
25 depilation is described in U.S, Patent No. 4,370,315* 

The process therein comprises the topical application of 
a composition containing a lipoxygenase along with 
linoleic acid or derivative thereof. The patent 
d^cribes the application of such composition to 

3 0 various body parts of female human subjects in the 

majority of ti^ich regrowth of hair was clesirly 
perceptible only after six or more weeks « 

In U.S. Patent No, 4,439,432 topical 
compositions containing progesterone are reported for 
55 use in trea tmen t of progesterone deficiency and related 
conditions, including abnormal hair growth resulting 
from androgen excess. Further insights on this point 
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jnay be obtained from the related literature, among which 
mention may be made of Sin^ison et al- ••The Effect of 
Topically Applied progresterone on Sebum Excretion 
Rate," Br. J. Derm* , Vol* 100, p. 687 (1979), in which 
progesterone was reported effective in reducing sebum 
excretion rates in females, but without effect in males . 
Xn Goos et al., "An Improved Method for Evaluating 
Antiandrogens,** Arch* Dermatol* Res* Vol, 273, pp* 333- 
341 (l$&2)^ the effect of progesterone on inhibition of 
hair growth in intact males appears to be doubtful 
(p. 340, Table 3, Group VI vs* Group X)- Xn Burdick et 
al., "The Topical Effect of the Antiandrogen 
Chlarsaadincne Acetate and Some of Its Chemical 
Modifications on the Hamster Costovertebral Organ / 
16 "Br. J. Derm., Vol, 82, Supplement 6, p. 19 (1970), 

antiandrogens were either ineffective or of questionable 
effect in inhibiting flank organ function in normal 
intact male hamsters. Simileirly, in Girard et al., 
"Inhibition of Testosterone Metabolism and Lipogenesis 
20 in Animal Sebaceous Glands by Progesterone , •• Arch- 
Dermatol. Res-, Vol- 269, pp. 281-290 (1980) , 
progesterone is found effective in the female but not in 
the male* In all of the above experiments topical 
antiandrogens were ineffective in males in inhibiting 
androgenic fxinction. When the female and male responses 
were compared in both humans and hamsters, only females 
responded to topical treatment. 

In TJ-S- Patent Mo, 4,269,831 a substantial 
reduction in Ixair growth of tlie hamster f leunk oz^aji Is 
among the effects reported from topical application of 
17 &-hydroxy-17a-propylandrost-4-en-3-one . However 
reduction in the size of the flank organ is also 
described, leaving a smaller field on which the hair can 
grow. Therefore, the reduction in hair growth may be a 
3 5 consequence of a decrease in area of the flank organ 

rather than an alteration in the character of the hair* 
U.S. Patent No. 4,885,289 describes altering 
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ttie rate and character hair growtli by topical 
application of 5-alpha-rediictase inhibitors emd/or 
cytoplasmic androgen receptor binding agents, while 
U.S. Patent No- 4,720,489 describes the topical 
5 application of ornithine decarboacylase inhibitors for 
similar purposes, either alone or in coinbination with 
the materials of U.S. 4,885,289. 

Although it has been theorized that a variety 
of enzymes are involved in the growth of the cells of 
10 human hair, the relationship between such enzymes and 
between the reactions which they control, as well as 
their effect upon each other has not been fully 
understood, as appears from Pegg, Gancer Research, Vol. 
48, 759-774 (1988); Gupta et al*, Molec, and Biochem, 
15 Parasitolo<7V, Vol* 23, 247-252 (1987); and Elo et al. , 
Cancer Letters, Vol, 41, 21-30 (1988) « 

It has now been found that the rate and 
character of mammalian (including hxoman) hair growth can 
be altered by topical application to the sKin of a 
20 composition containing an inhibitor of s-^adenosyl-^ 
methionine decarboxylase (SAMDC) , and further 
that such an inhibitor can be applied in combination 
with an ornithine decaorboxylase Inhibitor to produce 
greater effects than either inhibitor alone. 
25 Compositions containixig one or a combination of i^th 

inhibitors in any conventional nontoxic dermatologicaJLly 
acceptable carrier or vehicle can be used for 
application of the combination to the desired areas of 
the skin* Such cos^ositions may contain 0.1 to 50%, 
3 0 based on the totaj. weight, of an inhibitor of SAHDC, and 
from 0,1 to 20% of an ornithine decarlsoxylase inhibitor* 

Among the ]cnown inhibitors of SAMDC are 
methylglyoxal bis(guanylhydrazone) (MGBG) ; 
diethylglyoxal bis (guanylhydrazone) (DEGBG) ; and 5'- 
35 deoxy-5'-[N-methyl-N-{2-[aminooxy]ethyl) ] 
aminoadenosine (KAOEA) • 

Among the known ornithine decarboxylase (ODC) 
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inhibitors which cem be used are those described in 
U.S, Patent Nos- 4,201,788; 4,413,141; 4,421,768; and 
4,720,489; of these, the preferred ODC inhibitor© are 
2- (difluorottethyl) -ornithine (DFMO) ; alpha-etbynyl 
5 ornithine; 6-heptyne-2/ 5-diamine, and 2--methyl-6- 

heptyne-2,5-di amine. In choosing ODC inhibitors for use 
in the practice of this invention, it is important to 
avoid those known to have secondary pharmacological 
effects such as 5-hexyne-l, 4-dicimine, which is known to 

10 bring about increases in brain 4-aininohutyric acid 

levels by a transformation catalyzed by mitochondrial 
monoamine oxidase. To minimize the risk of alteration 
of other t>of^ily functions through systemic action, it 
is preferred to apply the ODC inhibitors in compoaitions 

15 such that the level of application will range from ahout 
1 to about 2000 micrograms of active material per square 
centimeter of skin; still more preferred is the 
application of about 50 to about 500 micrograms per 
square centimeter of skin. 

2 0 The SAMDC inhibitor or inhibitors is also 

preferably applied so that the amount of active material 
is from about 1 to about 5000 micrograms per square 
centimeter of skin. 

The relative proportions of SAMDC inhibitor 
25 and of ODC inhibitor in the compositions as applied to 
the skin is not critical and may be vjiried over a wide 
range; preferred are compositions in w h ic h the relative 
proportions range from 1:10 to 10 ;1 by weight. 

The following specific example© are intended 

3 0 to illustrate the nature of the invention without acting 

as a limitation on its scope. 

A vehicle or carrier was prepared having the 
following composition: 
35 component Wt. Perc ent concentration 

water 6S% 
Ethanol i^* 
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Propylene Glycol 5% 
Dipropylene Glycol 5% 
Benzyl Alcohol 4% 
Propylene Carbonate 2% 
5 A series of compositions was prepared each 

containing a given concentration of specified ixUiibitor 
in the foregoing vehicle, as listed in Table 1 below. 

Foxxr groups (eight animals in each group) of 
male intact Golden Syrian hamsters were provided. These 

10 animals were considered acceptable models for human 

beard hair growth in that tbey display oval shaped flank 
organs, one on each side, each about Smm in major 
diameter, which grow thick black and coarse liair similar 
to h\nii2m beard hair* These organs produce hair in 

15 response to androgens in the hamster. The flank organs 
of each hamster were depilated by applying a 
thioglycolate-based chemical depilatory (Surgex) , and to 
one organ of each animal was applied lOnL. of vehicle 
alone once a day, ^ile to the other organ of each 

20 aniiaal was applied an equal amount of vehicle containing 
inhibitor* After 14 such applications (Hon,- Fri.) over 
a period of 18 days, the flank organs were shaved and 
the amount of recovered Ixair (hair mass) from each was 
weighed. The esctent of reduction in hair growth by the 

25 intiibitor was e^ressed as the percent decrease in hair 
mass on the orgem treated with inhibitor as compared to 
the organ treated with vehicle alone. As a control, one 
group of eight animals had both flank organs of each 
animal treated with vehicle alone. The results were as 

30 shown in Table l below. 

Table 1 

Inhitoitor Fleink Organ Hair Kass Hair Growth 

(mg±SE) Inhibition (%) 

Treated Control 

35 5% MAOEA 2. 03+. 18 2.€8+»13 29.4+5. 9 

5% MGBG 1.54±.2? 2.63.22 40.3+7.4 

5% DFMO 0.99+.0a 2.89±.22 64.3+3,7 
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10 



S» MAOEA 
and 5% DFMO 



None 



0.76±-ll 

ExainT3l,e_2 



2.66+. 18 
3.05±.20 



70.9±4.8 

S3 



The same procedxire was followed as in 
Example 1 except that the vehicle used for the 
compositions consisted of water alone. The compositions 
used and the results obtained were as shown in Tahle 2 
below: 

Table 2 

FlanX Organ Hair Mass Hair Growth 
(mg±SE) 

Treated Control 



Inhil3itor 



Inhibition (%) 



15 



20 



25 



30 



2.5% DEGBG 2,M±*15 3.15±.17 IS. 9+5.2 

5% DFMO 2.70+.22 3.37±,22 18 • 8±3 • 7 
2.5% DEGBG 

and 5% DFMO 2.30±-26 2.9l±.21 21-7+5.3 

compcfiitieng; were prepared as described in 
Example 1 containing the inhibitors listed in Table 3. 
The sasie tast procediire was followed except that the 
compositions were applied to the hamster flanlc organs: 
every day for fifteen successive days, at which time 
hair mass was measured; the results were as follows: 



Inhibitor No Animals 



5% MGBG 6 

5% DFMO 7 

S% MGBG 8 
and 5% DFMO 

None 7 



Flank Organ 

(mg±SE) 

Treated 

0.56±.ll 

0*49±.14 

0.16±.03 



Haxr Mass 

Control 
0.99+.13 
0.92+»13 
0.87±»08 

0.91±.21 



35 



7 0.85±.13 
Similar results can be obtained with other 
inhibitors of SAMDC and of ODC* 



Hair Growth 
inhibition (%) 

42.3+8.2 

44.4±18.2 

80.7±3.2 

6.47+10. 0 
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C 1/ A I M S 



1. Ttie process of reducing tne rate and altering 

the character of mfttmnaliM hair growth which comprises the 

step of applying to the &}cin a conrposition containing an 

iiihibitor of s-adenocylmethionine decarboxylase, 

2- The process as claiiaed in claim 1, in which said 

composition contains in addition an ornithine decarboxylase 

inhibitor. 

3. The process as claimed in claim 1 or 2, in which 



said inhibitor of S-^adenosylinethionine decarboxylase is 
selected from the group consisting of methylglyoal 
bis (guanylhydrazone) , diethylglyoxal bis(guanylhydrazone) , 
and 5'— deoxy-5'-rN-methyl-N-(2-[aminooxy]ettiyl) ] 
aminoadenos ine , 

4. The pirocess as claimed in claim 2, in which said 
ornithine decarboxylase inhibitor is selected from the group 
consisting of 2- {difluoromethyl) -ornithine, alpha-ethynyl 
ornithine; 6-heptyne-2,5-diamine and 2-methyl-6^heptyne-' 

2 , 5 -diamine. 

5. The process as claimed in claim 4, in which said 
inhibitoz- of S-adenosylmethylthionine decarboxylase is 
selected from the group consisting of methylglyoxal 

bis (guanylhydrazone) , diethylglyoxal bis(guanylhydrazone) , 
5' and 5'-deoxy-5'-[N-methyl-W-{2-i;aminooxy]ethyl) ] 
aminoadenos ine • 

6i, The process as claimed in any of claims i, 2^ 3, 4 

or 5 in which the rate of applying is from 1 to 5000 
micrograms of said inhibitor of s-adenosylmethionine 
decaz-boxylase per sguaxre centimeter of skin* 

7- The process as claimed in any of claims 2, 4, or 5 

in which the rate of applying is from 1 to 2000 microgr^is - 

of said ornithine decarboxylase inhibitoir per square 

centimeter of s3cin. 

8, The process as claimed in claim 7, in which the 

rate of applying said inhibitor of s-adenosylmethionine 
decarboxylase is from 1 to 5000 micr-ograms per square 
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centimeter of sKin. 

5^ A topical composition for reducing the rate ana 

altering tlie character of manunalian hair growth comprising a 
non-toxic dermatologically acceptable carrier and from 0,1 
to 50%, based on the total weight of said composition, of an 
inhibitor of S-adenosylmethionine decarboxylase and from o.l 
to 20% of an ornithine decarboxylase inhibitor. 
10. A composition as claimed in claim 9, in which 

said inhibitor of S-adenosylmethionine decarboxylase is 
selected from the group consisting of methylglyoxal 
bis{guanylhydrazone) , diethylglyoxal bis(guanylhydrazone) , 
and 5'-deoxy-5'-[N-methyl-N-(2-[aminooxy]ethyl) ] 
aminoadenosine • 

3^1^ A composition as claimed in claim 9, in which 

said omitbine decarboxylase inhibitor is selected from tHe 
group consisting of 2- (difluoromethyl) -ornithine, alpha-- 
cthynyl ornithine; 6-heptyne-2 ,5-diamine and 2-methyl-6- 
tieptyne-2 , 5*diamine. 
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g.P ciAim numtMrv &*£«u«» th«r tmimla to oW% of th« tnturiBtkHul ftppQcaUon th*t do not comply wilh U14 prMcrlbod rsQulr«- 

mefita to sucH an ftictcni th«t no nwanmoftil inttrnalkiMl BM^cti caa b* carrlod out aoftcincaDy; 



*wy ■f»d*p» fi domcWftwmitdfaftpd k^ « o co fd a f K« >»^ft0l^aooDnd ^ third aontrnMol 



OBSERVATJONfi WHERE UNITY OF IHVEMTION IS LACKING i 



Thli Intamatlonal S*afChii^ Authority loonrf mutUplo InvonUont tit thU Inlomational appUokftkin foUows: 



i.pl Al aU requirad addttJomJ aearich foea w*f« tinmh vaid by tha appUcant. this Iniamaiional search roport covars aft aaarchaM* eUlma 
Qf tha Intfrnauonal appacctton. 



2^ As only voma of tha raqulrvd mddtUonal aavcA f«M won tlmal> paid by tha applicant, this Intamatierkal maarch raport covan only 
thoaa claims of tha Intamallonal application ior which f«M war* paid, spactfteafly daima: 

3.n No raqulrad addlliOrtftt search Caaa wara Umaly paJd by tha applk^nt Conaaquandy. thia inta^nationa) saarch report la raatrtetad to 
the invention Arvt mantfoftad in th« Uatmi; N la eovared Iky claim numi»«rs; 

4-ri As3ii»aarcMab|«cJaimm could b« aaarehad wHhout a«on iuaUtying an addiUood taa. me IntamaUonpl Saarchlno Auihortty aid not 
*^ invite payniant of any additional faa. 

Rcmadi on Protaat 

i I Tha additional aaarch faat wara aececnfMniad by ^pDJIc«nt*a protMt- 

Q No protaat accotnpanlad tha paymaot Of AddUaoaJ aaarch t*aS. 



iiba«A(nK.il<«/) 



